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Biology at DARPA

Current Programs:
� Bioflips (Dr. Abe Lee, MTO, aplee@darpa.mil)
� Symbiosis (Dr. Anantha Krishnan, MTO, akrishnan@darpa.mil)
� Biocomputation (Dr. Sri Kumar, ITO, skumar@darpa.mil)
� Uncoventional Pathogen Countermeasures (Dr. John Carney, DSO, 

jcarney@darpa.mil)
� Bio-Info-Micro, (Dr. Eric Eisenstadt, DSO, eeisenstadt@darpa.mil)
� Biosurveillance (Dr. Murray Burke, ATO, mburke@darpa.mil)
� Tissue Based Biosensors (Dr. Alan S. Rudolph, DSO, 

arudolph@darpa.mil)
� Controlled Biological and Biomimetic Systems (Dr. Alan S. Rudolph, 

DSO, arudolph@darpa.mil)
� Advanced Diagnostics (Dr. Alan S. Rudolph, DSO, 

arudolph@darpa.mil)
� Metabolic Engineering for Cellular Stasis (Dr. Robert Carnes, DSO, 

arudolph@darpa.mil)
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Sensors

� Cell is unit machine in biology 
responsible for systems level 
processing

• communicative
• regenerative and progenic
• self-powering/mobile

� Cells respond to environment in 
specific, reproducible and redundant 
ways

• oxygen/nitrogen radicals
• biochemical markers - cytokines/growth 

factors
• morphological/structural
• genetic

� Cell sensors do not require specific 
identification of threat

• processing will result in identification
• amplification of response

• Response is predictive of 
functional consequences 

• pathogenesis
• human health risk
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Living Sensors: The Need

� The list of possible environmental threats is 
growing

� Emerging threats and yet identified threats are 
increasing due to widening access to 
biotechnology

� Operational need for ‘broad based’ detection 
� ‘canary on a chip’
� “is it a safe environment?”, “is there a change in the 

diagnostic test from a control sample?”
� Broad based detection will often require 

confirmatory testing (‘trigger’)
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What are Activity Detection Systems?

� Detection systems based on response of 
biological cellular or tissue processor

� Respond to known or unknown chem-bio 
threats

� Provide three levels of information
� Detection – state change in sample from good 

to bad
� Classification – define threat into categories: 

bacterial, viral, toxin, combustion product
� Identification – compare activity response to 

library of known responses and report activity 
probability match



6

Appr oved for Public Release, Distribution Unlimited

The Challenge

To develop an activity based detection system using 
cells and tissues 

Sample 
Collection & 
Preparation

Design & 
Engineering

Detection 
Capabilities

Data Acquisition 
& Data Analysis

• Sample Introduction

• Sample Types

• Sample Size

• Background 
Interferents

• Optimal Cell Types

• Fluidics

• Adhesion

• Stability
• Optics

• Signatures of cell 
responses 

• Model & Simulants
• BW & CW Agents
• Unknown
• Live vs. Dead

• Sensitivity
• Specificity
• Speed
• Dose/Response

• Modeling Single and 
Multi Cellular Arrays

• Signal Processing 
• Extraction of 

Signatures

• Decision Algorithms

GOAL

How?
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The General Setting for Computational 
Designs

CONCEPT EXPLORATION 
PHASE

CONCEPT  SELECTION

DEMONSTRATION/VALID
ATION

FULL SCALE 
DEVELOPMENT

PRODUCTION PHASE

OPERATION AND 
SUPPORT

HYPOTHESIS TESTING

HYPOTHESIS TESTING

ESTIMATION

ESTIMATION

PROCESS CONTROL:  TIME SERIES

PROCESS CONTROL:  TIME SERIES
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The General Setting for Developing A Cell 
Sensor

CONCEPT EXPLORATION 
PHASE

CONCEPT  SELECTION

DEMONSTRATION/VALID
ATION

FULL SCALE 
DEVELOPMENT

PRODUCTION PHASE

OPERATION AND 
SUPPORT

CALIBRATION
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Why Calibrate?

• If You Cannot Calibrate Your Phenomenon, 
It May Never Be Part Of An Device or 
Instrument-a Biosensor- or a ‘technology’

• There Is No Magic To Calibration:  It Must 
Be Done Whether You Are Using Dose-
response Curve Methods, Neural Nets, 
Mixture Models, Automatic Pattern 
Recognition or other computational tools. 
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NF-kB 

translocation 

Stress protein 
translocation 

NF-kB 
translocation  

control

Stress kinase 
activation 

DETECTORDETECTORDETECTORDETECTOR
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Apoptosis 
marker

FRET based Anthrax 
Sensor

IDENTIFIERIDENTIFIERIDENTIFIERIDENTIFIER

Optical Cellular 
Microarrays
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mouse ES cells
.

Ex Vivo Tissue Engineered 
Toward “Human on a Chip”

Embryonic Stem cells
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Neuronal Networks on Arrays Recording and Life Support Chambers
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Tav 3:
BPM BPM B AMPLITUDEB AMPLITUDE B DURATION B DURATION B PERIOD B PERIOD B INTERVAL B INTERVAL B AREA B AREA
scalar SD SD %MEAN SD %MEAN SD %MEAN SD %MEAN SD %MEAN

- 30.67 - 5.60 - 1.56 - 60.73 - 0.29 - 33.54 69.97 3877.55 76.94 4465.52 - 0.95 - 69.40
- 33.42 - 6.13 - 3.08 -100.00 - 0.94 -100.00 - 1.64 - 100.00 - 1.54 -100.00 - 0.97 -100.00
- 29.00 - 5.12 - 1.74 - 58.66 - 0.04 - 5.05 9.36 535.60 11.03 659.12 - 0.44 - 45.64
- 31.67 - 5.54 - 0.93 - 30.98 - 0.12 - 14.82 20.90 1154.08 24.39 1372.21 - 0.40 - 41.78
- 10.30 - 2.10 - 4.99 -100.00 - 3.40 -100.00 - 1.39 - 100.00 - 1.37 -100.00 - 3.16 -100.00
- 33.18 - 6.15 - 1.36 - 43.65 - 0.02 - 1.72 24.61 1424.00 27.55 1786.00 - 0.44 - 38.81
- 32.04 - 5.30 - 1.35 - 41.36 - 0.03 - 3.50 20.44 1164.73 23.91 1423.12 - 0.33 - 36.20
- 32.77 - 5.72 - 1.76 - 52.48 0.08 9.12 23.30 1400.46 26.59 1707.06 - 0.51 - 53.44
- 29.75 - 5.91 - 1.25 - 42.24 - 0.10 - 9.29 11.12 646.41 11.90 762.87 - 0.55 - 42.32
- 24.81 - 4.89 - 1.33 - 44.95 - 0.32 - 19.88 13.02 803.13 13.26 875.67 - 1.10 - 49.45
- 26.56 - 4.76 - 1.66 - 59.01 - 0.27 - 20.83 30.60 1758.21 32.49 2013.90 - 1.01 - 54.50
- 29.74 - 5.67 - 0.94 - 35.72 0.17 20.76 62.84 3760.72 69.83 4282.88 0.02 1.86

Key:    < 1 SD   OR  > -50% MEAN    < 3 SD OR  > -75% MEAN    > 3 SD OR < -75% MEAN

T

A

V
2-network arrays & chambers

NeuroTechnology



13

Appr oved for Public Release, Distribution Unlimited

Cell/Tissue Prototypes
Tissue Based Prototypes
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Board ( 32, left ) 

Recording  Ch am ber 
wi th Cultur e 

NE TWOR K R EMOTE 
RE COR DING 
ST ATION 
Modific ation of par king 
station to inc lude  VLSI 
pre amps , digi tal  signal 
proc ess or s (DS Ps) not 
shown,  and a re al -tim e 
thre at asse ssm ent d ata 
analysis syste m with 
laptop comp uter  (not 
shown) 

NE TW O R K  
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expe rim ents.  
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Mobile Systems

Bench top 
Prototypes

Handheld 
Sensors

Interfaces & 
Fluidics

• Testing and 
validation in 
progress
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Summary

� Intracellular computation and iterative 
experimental validation are critical to 
realizing a Defense capability using cells

� Calibration is essential toward technology 
development for 
sensors/diagnostics/therapeutics

� Encourage BIOCOMP investigators to 
collaborate with other biology programs at 
DARPA


